Objective. To investigate effects of a novel dementia care coordination program on health services utilization. Data Sources/Study Setting. A total of 303 community-dwelling adults aged ≥70 with a cognitive disorder in Baltimore, Maryland (2008 -2011 . Study Design. Single-blind RCT evaluating efficacy of an 18-month care coordination intervention delivered through community-based nonclinical care coordinators, supported by an interdisciplinary clinical team. Data Collection/Extraction Methods. Study partners reported acute care/inpatient, outpatient, and home-and community-based service utilization at baseline, 9, and 18 months. Principal Findings. From baseline to 18 months, there were no significant group differences in acute care/inpatient or total outpatient services use, although intervention participants had significantly increased outpatient dementia/mental health visits from 9 to 18 months (p = .04) relative to controls. Home and community-based support service use significantly increased from baseline to 18 months in the intervention compared to control (p = .005). Conclusions. While this dementia care coordination program did not impact acute care/inpatient services utilization, it increased use of dementia-related outpatient medical care and nonmedical supportive community services, a combination that may have helped participants remain at home longer. Future care model modifications that emphasize delirium, falls prevention, and behavior management may be needed to influence inpatient service use.
The care of over 5 million Americans living with dementia represents a growing challenge to the health care system (Bynum 2014; Alzheimer's Association 2015) . The estimated formal and informal care costs of dementia range from $175 to $215 billion in the United States (Hurd et al. 2013) . The cost of dementia care, already higher than heart disease and cancer (Kelley et al. 2015) , will increase as dementia prevalence increases (Hebert et al. 2013 ). Health service utilization accounts for an important segment of formal care cost, with high rates of hospitalization, nursing home stays, long-term care placement, emergency department (ED) visits, and outpatient care (Bynum et al. 2004; Zhao et al. 2008; Phelan et al. 2012; Feng et al. 2014) . Despite growing costs, quality of care for people with dementia is generally poor (Chodosh et al. 2007; Odenheimer et al. 2014) , and people with dementia are at high risk of adverse events during the course of acute medical care (McCloskey 2004; Mecocci et al. 2005; Pedone et al. 2005; Inouye 2006 ). Dementia remains a particularly challenging condition for clinicians working in a fragmented health care system (Boustani, Sachs, and Callahan 2007; Hinton et al. 2007; Harris et al. 2009 ).
To tackle these issues, the National Plan to Address Alzheimer's Disease seeks to explore the effectiveness of new models of care for people with dementia with the goal of enhancing care quality and efficiency (US Department of Health and Human Services 2015). However, home-and communitybased services (HCBS) that support primary care providers, improve quality of care, and reduce caregiver burden are underused (Weber, Pirraglia, and Kunik 2011) , and Medicare Advantage and Accountable Care Organizations (ACOs) are not currently incentivized to manage care beyond an individual's medical needs. The integration of medical and long-term services and supports through Medicaid managed care programs is showing positive results for reducing hospital stays and emergency department visits among high-need dual-eligible populations (Anderson, Feng, and Long 2016) . As a result, private managed care plans may be inclined to expand coverage of services to include some home-and community-based services for high-need populations like people with dementia.
Dementia care management is a promising approach for improving quality of care and linking people with dementia to appropriate medical and community services that could be incorporated through alternative payment models, like ACOs, with a broader accountability for medical and long-term services and supports (Davis et al. 2015; Davis, Willink, and Schoen 2016) . Care management may help alleviate fragmentation of medical care and services, bridge resources, and, potentially, reduce cost of formal care for people with dementia by delaying costly nursing home placement (Callahan et al. 2006; Vickrey et al. 2006; Samus et al. 2014) .
Existing studies of dementia care management interventions largely focus on long-term care placement as the primary resource utilization outcome. Evaluation of the effect of such programs on other forms of health services, such as hospitalization, is more limited (Hickam et al. 2013; Tam-Tham et al. 2013; Reilly et al. 2015) . The few studies that have examined hospitalization or ED use demonstrate mixed results (Clark et al. 2004; Callahan et al. 2006; Duru et al. 2009 ), while pooled analysis shows no difference between intervention and usual care (Tam-Tham et al. 2013; Reilly et al. 2015) . HCBS use remained similar or increased in the studies that examined their use (Newcomer et al. 1999; Chu et al. 2000; Lam et al. 2010) . A recent review concluded that there is not yet a robust evidence base to determine whether dementia care management meets the health care needs of this population, primarily because high-quality trials are lacking (e.g., few randomized controlled trials, with heterogeneous interventions and outcomes, and small sample sizes). The majority of studies were also conducted outside the United States, and differences in health care delivery and culture may impact effectiveness (Reilly et al. 2015) . Despite a lack of empirical data, current economic pressures and the impact of health care reform pushing value-based care are creating an environment where care management programs are emerging through recent health care reforms and alternative payment models, including patient-centered medical homes and ACOs (Longworth 2011) . Thus, this study is timely and important as major decisions are being made swiftly regarding health care delivery for dementia.
In Home) through community-based agencies to a heterogeneous dementia population living at home over 18 months. The primary goals of the intervention were to delay transition from the home and reduce unmet care needs; secondary goals included improving quality of life, neuropsychiatric symptoms, and depression. We previously reported that the intervention significantly reduced unmet safety and legal dementia care needs, decreased the percentage of persons transitioning out of their homes, delayed time to leaving the home, and improved participant quality of life (Samus et al. 2014) . The objective of this study was to determine the effect of MIND at Home on the use of a range of health and supportive services. We hypothesized that persons receiving the intervention would have reductions in use of acute care or inpatient medical services and increases in use of outpatient and HCBSs relative to persons receiving augmented usual care over the 18-month period. Table 1 provides details on the care needs assessed in MIND at Home, examples of care strategies, and hypothesized effects of care strategies on health service use. Effects on outpatient and HCBSs were more likely to be direct, resulting from referrals, while effects on acute care/inpatient medical service use were hypothesized to be mediated by other factors, such as reduced hospitalization due to addressing polypharmacy, neuropsychiatric symptoms, fall risk, or caregiver burden.
METHODS

Study Population
The process of recruitment and randomization has previously been described in detail (Samus et al. 2014; Tanner et al. 2015 at the in-home assessment. Participant capacity to consent for participation in research was assessed using a structured interview with questions to assess understanding of the study. For participants too impaired to provide consent, proxy consent was obtained from a legally authorized representative using the Maryland Health Care Decisions Act as a guide, and assent was obtained from the participant. The study was reviewed and overseen by a Johns Hopkins Medicine Institutional Review Board.
Intervention
A total of 193 participants were randomized to augmented usual care (control) with 110 randomized to care coordination (intervention). The Johns Hopkins Dementia Care Needs Assessment ( JHDCNA) was administered to all participants and their caregivers, including control, during a home visit at baseline. Control participants, their study partners, and primary care physicians (PCP) received written results of the JHDCNA, including recommendations for each unmet need and a brief resource guide. Intervention participants, study partners, and PCPs received written JHDCNA results followed by up to 18 months of care coordination for participants through an interdisciplinary team of nonclinical memory care coordinators linked to a registered nurse and a geriatric psychiatrist. The care coordination protocol included individualized care planning based on unmet needs and patient/family priorities, dementia education and skill-building, referrals and linkages to services, informal counseling, and care monitoring. Table 1 displays the 19 domains of care needs assessed in the 86-item JHDCNA and examples of care strategies recommended to address unmet needs. After randomization, coordinators conducted an in-home visit with the participant and study partner to review and prioritize needs and develop a care plan. The plan was implemented by study partners and/or participants with guidance from the coordinator. A menu of care strategies was available for each unmet need and consisted of linkage to resources/services, caregiver education and skill-building, and informal counseling and problem-solving. While intervention intensity and contact frequency varied by individual needs and circumstances, the protocol prespecified two in-home visits (at baseline and 18 months) and at least one monthly contact (e.g., phone, in-person). Coordinators were available to families without time restrictions. On average, coordinators made two contacts per month to participants/families (mean 1.8, standard deviation 24.1; Samus et al. 2014) . In recognition of potentially changing needs and priorities, needs were re-evaluated over time and the care plan and strategies adjusted as Service Use in Dementia Care Coordinationappropriate. When indicated, coordinators took direct roles to ensure implementation of recommended strategies (e.g., attending outpatient appointments, assisting with program applications). The three coordinators, employees of two community-based social service agencies, did not have prior formal training in geriatric case management or dementia care. They were trained in dementia care management over 4 weeks and met with the intervention team weekly for case discussion and continuous case-based training, clinical oversight, and protocol adherence.
Outcome Measures
A research team masked to intervention assignment assessed service utilization through in-person, self-report interviews administered to the study partner at baseline, 9 months, and 18 months. Three categories of services were considered as follows: (1) acute care/inpatient medical services including ED visits, hospital admissions, hospital nights, nursing home nights (rehabilitation and short-term skilled care), and respite residential care nights; (2) outpatient medical services including total outpatient clinician visits and dementia/mental health or general medical/surgical related; and (3) home and communitybased services (HCBS). Hospital, nursing home, and respite residential care stays were specifically elicited and the number of separate admissions and nights per admission ascertained. Outpatient visits specifically for dementia, mental health, or for other physical or medical conditions were also specifically elicited alongside the number of visits of each type. ED visits were elicited within outpatient service use during the interview. Home-and community-based services represent 15 different types of medical or nonmedical services delivered in the home or community through home health or community-based agencies. HCBS use was examined in total and a priori stratified into health (care management, visiting nurse services, physical therapy, speech/occupational therapy, transportation to health services, adaptive/assistive supplies), social (social day care, congregate meals, companion services, patient support group), and support services (in-home respite care, home delivered meals, homemaker/housekeeping, live-in paid caregiver, client education training services). The use of each of the 15 specific HCBS types (e.g., physical therapy, day care) was assessed as yes/no rather than counting individual services or providers within specific service type (total HCBS value ranged between 0 and 15). For example, if a participant attended two different day care facilities, it was measured as 1 HCBS. Baseline interviews specifically assessed services used in the prior 12 months, while 9-and 18-month interviews measured use over the prior 9 months. Service utilization over 12 months at baseline was converted to utilization over 9 months by calculating mean monthly utilization and multiplying by 9 to allow for direct comparisons of mean utilization at each time point.
Covariates
Additional participant characteristics assessed included demographics (age, sex, race, education), living arrangement (with or without a caregiver), Mini-Mental State Exam (Folstein, Folstein, and McHugh 1975) , and Psychogeriatric Dependency Rating Scale-Physical subscale (PGDRS) (Wilkinson and Graham-White 1980) to assess functional status. Prescription and over-the-counter medications were recorded from pill bottles; any medication taken regularly was considered a routine medication. The study partner reported medical comorbidities. Dementia, hypertension, diabetes, peripheral vascular disease, heart disease, coronary bypass or stenting, hip fracture, recurrent urinary tract infections, stroke, psychiatric disease, traumatic brain injury, and Parkinson's were specifically elicited, while other medical conditions were elicited through targeted questioning linked to medications and open-ended questioning. Insurance coverage, including Medicare, Medicaid, and other insurance, was reported by the study partner. Neuropsychiatric and depressive symptoms were assessed using the Neuropsychiatric Inventory-Q (Kaufer et al. 2000) and the Cornell Scale for Depression in Dementia (Alexopoulos et al. 1988) , respectively.
Statistical Analysis
We first examined group differences in baseline characteristics using simple inferential statistics (Pearson's chi-square or t-test). An intention-to-treat approach was used in analyses, with participants included as randomized. Linear mixed-effects regression models estimated the effect of the intervention relative to control on change in each service utilization outcome, or difference in slopes, from baseline to 18 months and in each 9-month intervention period. The use of a mixed-effects model allowed for missing observations and correlation among time points, or repeated measures, for the same subject. Covariates included living with a caregiver (the randomization stratification variable), time interval, total medications, and PGDRS score. PGDRS scores were included due to association with dropout/attrition and total medications due to differences between intervention and control groups at baseline. Given post hoc hypotheses that intervention effect may be greater in the second 9 months of Service Use in Dementia Care Coordinationthe intervention as coordinator-participant relationships are strengthened and recommendations implemented over time, a group 9 time interval interaction term was included. Sensitivity analyses compared mixed-effects models with and without random effects, negative binomial models, and mixed-effect models without random effect that incorporated a time-varying PGDRS 9 time interaction term to better account for attrition. Analyses were conducted using SAS V9.3 (SAS Institute Inc, Cary, NC, USA). Tests were considered statistically significant at a ≤0.05. Table 2 displays baseline characteristics of participants. The average age was 84 years, with 64 percent women and 29 percent non-whites. Eighty-eight percent of participants had dementia, with remaining participants having mild cognitive impairment. Intervention and control groups were similar on all characteristics except that intervention participants were taking significantly more routine medications than control participants. Participants were also similar on the proportion reporting ED visits or hospitalization and average HCBS programs used in the prior year. The intervention group had more hospital nights in the prior year (mean 4.1 vs. 2.2, p = .03). There were no significant baseline group differences on caregiver characteristics, including age (mean 66.7 years), gender (approximately 75 percent female), relationship to participant (91 percent spouse or child), time elapsed in caregiving (mean 38 months), and employment (47 percent employed). In the intervention group, 87 older adults (79 percent) were available for 9-month follow-up; 74 (67 percent) were available at 18 months. In the control group, 136 older adults (70 percent) were available for 9-month follow-up; 114 (59 percent) were available at 18 months. Remaining participants transitioned permanently from the home or died (n = 101) or were not available due to drop out (n = 11), loss to follow-up (n = 1), or temporary nursing home stay (n = 3). Differences in attrition between groups were not statistically significant at either time point (p = .10 at 9 months and p = .16 at 18 months).
RESULTS
Description of Participants
Acute Care/Inpatient Medical Services Utilization
Adjusted average inpatient and outpatient health services utilization at baseline, 9, and 18 months are in Table 3 . From baseline to 18 months, both intervention and control groups had an increase in ED visits, hospital admissions, and nursing home nights; there were no significant differences in change of acute care/inpatient medical services use between groups. There was, however, a decrease in hospital nights in the intervention group compared to an increase in controls. In examining the potential influence of time on intervention effect, the decrease in hospital nights in the intervention group was significant compared to control from baseline to 9 months, but this trend was attenuated and no longer statistically significant at 18 months. There was also a nonsignificant increase in respite residential care nights in the intervention group compared to a decrease in control from baseline to 9 months. There was a greater though nonsignificant increase in ED visits among controls from baseline to 9 months. 
Outpatient Medical Services Utilization
From baseline to 18 months, there was a nonsignificant increase of 4.2 total outpatient visits and increases in both dementia/mental health and general medical/surgical visits among intervention participants relative to control. While the increase in dementia/mental health visits was not significant when comparing baseline to 18 months, there was a significant increase by 1.25 visits in the intervention group relative to control from 9 months to 18 months (p = .04).
Home and Community-Based Services Utilization
Home-and community-based services use, total and health, social, and support HCBSs, were similar between groups at baseline. From baseline to 18 months, HCBS utilization increased in both intervention and control groups. The increase in total HCBS use was significantly greater in the intervention group, as mean HCBS use increased by 1.77 in the intervention group compared to 1.07 in the control group (p = .022). At 18 months, the intervention group, on average, used 0.59 more service types compared to control (p = .033). This difference translates to intervention participants using one additional type of HCBS on average relative to controls. The change in health, social, and support services used over the intervention period is shown in Figure 1 . From baseline to 18 months, the increase in health HCBS use was similar between groups. The change in social and support HCBS utilization from baseline to 18 months was significantly different between groups, with a greater increase in use among intervention participants. While the mean types of social HCBSs used was nonsignificantly higher in the intervention group at 18 months (p = .087), the rate of increase was significantly higher in the intervention group (p = .026). The mean types of support HCBSs used were significantly greater at 18 months in the intervention group (p = .005). Linear mixed-effect models with random effects yielded similar results. Negative binomial models also yielded similar results though with marginal changes in statistical significance. Increases in outpatient dementia/mental health visits from 9 months to 18 months and in total HCBS use from baseline to 18 months in intervention relative to control was no longer significant (p = .09 for both comparisons). When mixed-effect models included PGDRS 9 time interaction, total HCBS use from baseline to 18 months again trended toward greater increase in the intervention group (p = .09), but the increase in outpatient dementia/mental health visits was statistically significant (p = .04). Greater support HCBS use among intervention participants was significant in all models.
DISCUSSION
Maximizing Independence at Home, a home-based dementia care coordination intervention, previously shown to delay transition from the home, improve patient quality of life, and reduce unmet dementia care needs The change in mean categories of support services used was similar between groups from baseline to 9 months (p = .561), but the increase in the intervention group was significantly higher from baseline to 18 months (p = .008). (Samus et al. 2014 ), led to a greater increase in utilization of home-and community-based services compared to control in these analyses. Community-based services and support are increasingly recognized as key components of high-quality dementia care (National Quality Forum 2014); increased HCBS use therefore provides evidence for additional benefit resulting from this novel care coordination program. This intervention did not, however, impact ED visits, hospital admissions, or short-term nursing home stays. Acute care/inpatient medical service use thus remains an important target to understand and address in dementia care interventions and models of care that emphasize care coordination. Relative to control, the intervention does seem to increase outpatient visits related to dementia and mental health, and there was a trend toward decreased hospital nights. As hypothesized, effects were generally more pronounced from 9 to 18 months, supporting the idea that longer-term care coordination programs may lead to greater effectiveness as care coordinators establish relationships with patients/families and recommendations are implemented. The lack of significant impact on hospital admissions and ED visits is consistent with meta-analyses of previous dementia care management RCTs that have examined these outcomes (Tam-Tham et al. 2013; Reilly et al. 2015) . Length of hospital stay, represented by hospital nights and rarely examined in other studies, may be a metric worth further investigation as shorter length of stay may decrease the risk of adverse events during hospitalization even when admission itself is not preventable. Thirty-day hospital readmission rates, not measured in the current study, are another potentially important metric, particularly given the evolution of bundled payments. The trend toward decreased hospital nights in this study differs from previous studies which report increased nights (Callahan et al. 2006; Jansen et al. 2011; Reilly et al. 2015) . MIND at Home may have created a home environment and support system that supported timely admissions, with less severe or complicated illness, and/or earlier discharge. It is also possible that, because these patients were already identified as having dementia by family members and clinicians, recognition of the condition somehow impacted inpatient care decisions and treatment. The effect on outpatient and HCBS use is also less studied, but prior studies suggest increased social care service use with care management (Newcomer et al. 1999; Chu et al. 2000; Lam et al. 2010; Reilly et al. 2015) . Pooled data suggest similar overall health care service use but greater outpatient physician or nurse visits in people receiving care management interventions compared to control, which is also consistent with our findings (Reilly et al. 2015) . While MIND at Home did not reduce acute medical services use as hypothesized, the intervention does seem to achieve the desired effect of linking persons with dementia to needed outpatient and home-and community-based support services that may have enhanced their ability to remain at home. The lack of effect on hospitalization and ED visits is perhaps not surprising given the structure of the intervention, with nonclinical community workers serving as care coordinators and implementation through community-based agencies. Letters regarding the findings of the dementia care needs assessment, recommendations, and resources were sent to the PCPs of both intervention and control participants. While the MIND care coordinators for intervention participants attempted to establish contacts with the respective health providers as indicated over the course of the intervention, this was often difficult. Better integration, communication, and collaboration between the MIND care team and patients' health providers may have a greater effect on acute medical services use. More flexible coordinator access to clinical consultation in the field might also increase early detection and prevention of problems leading to hospital admission. Emerging lowcost technologies such as telemedicine and live clinical video-teleconsultation could facilitate timely access. While such changes would require increased program capacity as well as clinician acceptance and buy-in, open communication between traditional medical providers and community care providers will ultimately be necessary to provide high-quality dementia care (National Quality Forum 2014). Targeted emphasis on caregiver education and skill-building around medical care (e.g., management of comorbid medical conditions) and behavioral symptoms management, early recognition of delirium or acute medical problems, falls prevention, and navigation of care transitions likely represent other mechanisms to decrease acute medical services use. While we did not explicitly examine cost and potential cost-saving, at first blush, our findings suggest that formal costs of care may actually increase in participants. However, our previous finding of reduced and delayed nursing home placement (Samus et al. 2014 ) may portend cost benefit, with the increased cost of outpatient and HCBS use offset by decreased spending on long-term care. The cost of the program itself requires further study, but given novel use of nonclinical frontline care coordination staff, MIND at Home likely has greater implementation potential and lower costs compared to prior interventions that have used professional case managers, including nurses, occupational therapists, and social workers (Reilly et al. 2015) . Future evaluation of the effects on cost, including shifted costs, is warranted to better anticipate the impact of such programs.
In addition to limited PCP involvement in the intervention, this study has other limitations. First, service utilization was assessed by study partner self-report rather than medical records or administrative claims. Statistical power to detect differences in these outcomes was also limited and may account for shifts in statistical significance in sensitivity analyses. Attrition in the sample by 18 months may have obscured effects of the intervention as service utilization may be greater prior to death or institutionalization; however, though the absolute rate of attrition was higher in the control group, attrition rates were statistically similar between groups. We also accounted for PGDRS score, the only significant predictor of attrition when we compared those who remained in the study to those who did not. Generalizability is limited given that we recruited individuals from a single, large urban catchment area, and participants and caregivers were, on average, highly educated. Lastly, between-group differences may be underestimated because control participants, caregivers, and PCPs received the results of the care needs assessment, recommendations, and a list of resources. The increase in HCBS use in both groups may reflect this augmented usual care in an educated population.
Our individualized dementia care coordination intervention, unique in its delivery by nonclinical community-based care coordinators, increased outpatient medical visits for dementia and mental health care and the use of home and community-based services, particularly support services, important but often overlooked components of dementia care. While use of acute care/ inpatient medical services was unchanged, the increased cost of care and services may be offset by savings from reduced and delayed transition to long-term care. Further intervention enhancement, integration with medical care, and/or interventions targeting primary care and clinicians may improve the ability of dementia care coordination programs and health systems to reduce hospitalization and ED visits in this vulnerable population. Patientcentered medical homes and ACOs in particular may represent opportunities in which care coordination programs such as MIND at Home may be embedded to complement existing care and services for patients with dementia.
